multiple parameters important in BC etiology. 7, 8 There are three main types of BC including urothelial carcinoma, squamous cell carcinoma, and adenocarcinoma. 9 Several other cell types, including stromal cells, endothelial cells, macrophages, and fibroblasts are presented within bladder tumor tissues.
Moreover, the immune system and its components play an important role in anti-tumor responses. 10 On the other hand, some of the cells and mediators produced by them, such as cytokines and chemokines, can lead to tumor progression. 11 Among these mediators, chemokines can modulate the development of the tumor by affecting the cancerous stromal cell types and the release of both proliferative and angiogenic factors within the tumor microenvironment (TME). 12, 13 Chemokines are small chemotactic cytokines and are divided into four distinct subdivisions, based on the position of the first two N-terminus cysteine residues as CC, CXC, CX3C, and XC. [14] [15] [16] [17] So far, 50 chemokines, 20 cognate chemokine receptors, and four atypical chemokine receptors (ACRs) have been discovered. Further, chemokines which are known as migratory factors in different cell types, are actively involved in cell-cell interaction and regulation of tumor proliferation, neovascularization, and metastases of the tumor. 18 For instance, CXCL9, CXCL10, CXCL11 mainly contribute to the inhibition of angiogenesis and tumor progression. 19 Some treatment approaches such as Bacillus Calmette-Guerin (BCG) therapy, which has been used for BC so far, can change the expression of the CXCL9, CXCL10, CXCL11 chemokines, which can play a role in the mechanisms leading to the elimination or progression of the tumor. 20, 21 Therefore, our review sought to assess the auxiliary role of CXCL9, CXCL10, and CXCL11 along with C-X-C motif chemokine receptor 3 (CXCR3) as their receptor in the treatment processes of BC.
CXCR3 biology
Cellular oriented locomotion is closely mediated through the spatial and temporal expression of chemokines. 22 These small molecules regulate the cell movement, in addition to the positioning of target cells via activation of seven-transmembrane spanning G protein-coupled chemokine receptors (GPCRs). 23 Chemokines are also able to bind to other non-GPCRs called ACRs. ACRs are not able to activate conventional chemokine receptor signals, but aid in maintaining chemokine gradients within the tissue. 24 The differential expression pattern of chemokine receptors on leukocytes causes further selection of recruitment of specific cells leading to proper and effective immune responses in different pathologic states. 25 CXCR3 is a GPCR and is also the receptor for the chemotactic factors CXCL4, CXCL9, CXCL10, and CXCL11. 26 The CXCR3 gene is located on the long arm of chromosome X in region q13. 27 Regarding the amino acid sequences, CXCR3 is categorized to three types including CXCR3-A, CXCR3-B, and CXCR3-alt. 28 The CXCR3-A variant is the most frequent receptor expressed on the surface of immune cells, whereas CXCR3-B is expressed on the other cell types and can bind to CXCL4 along with CXCL9, CXCL10, and CXCL11, and seems to be involved in angiogenesis. CXCR3-alt is activated only by CXCL11 and known as an expressively shortened variant containing only four transmembrane helices. 29 CXCR3 is not only expressed by immune cells, it is also present on resident cells like endothelial cells, vascular pericytes, and mesangial cells, and are targets for CXCL10. 30 The structural-activity researches identified that if the first three residues of the CXCL11 structure are removed, chemokine retains a significant binding affinity; however, it lacks the ability for activation of CXCR3. Similarly, elimination of a few N-terminal residues of interferon-gamma (IFNγ) induces CXC chemokines CXCL9, CXCL10, and CXCL11 and results in the loss of their capacity to bind to CXCR3. 31 Removal of the N-terminal from CXCL11 is physiologically relevant and dipeptidyl peptidase-4 (DPP4) successfully cleaves two residues from the N-terminal of IFN-γ inducible chemokines in vivo and relatively regulates their impacts on CXCR3. 31 The duration which was determined for DPP4 cleavage is remarkably faster for CXCL11 than the period that was observed for CXCL9 and CXCL10. 31 Interestingly, while all of IFN-γ inducible chemokines serve as specific ligands for CXCR3, they are also able to act as antagonists. 32 T-bet promoted expression of CXCR3 on regulatory T (Treg) cells, and T-bet positive Treg cells infiltrated at sites of T helper type 1(Th1)-mediated inflammation. 33 The quality of Th1 cells-based immune responses is a principal parameter for an appropriate and protective antitumor cellular immune response. 34 Furthermore, it is well established that CXCR3-related anti-tumor responses are mediated via migration of CD4 + Th1 lymphocytes, CD8 + cytotoxic T lymphocytes (CTLs), natural killer (NK) cells, and NKT cells into the TME. 35 The pivotal role for CXCR3 in the polarization of macrophage lineage was well defined recently. 36 CXCR3 participated in the recruitment of CXCR3 + macrophages into the TME. 37 Though, classically motivated M1 macrophages have antitumor activity, a wide range of tumor-associated macrophages in solid tumors are alternatively activated M2 macrophages. Evidence showed that this phenotype of macrophages (M2) could facilitate tumor development. 36 
CXCR3 signal transduction
Signaling through CXCR3-A with the assistance of a Gαi/o-protein stimulates proliferation and cell migration, while CXCR3-B signals inhibit angiogenesis, proliferation, and migration but can stimulate apoptosis [ Figure 1 ]. 28 Findings of an animal model showed that knocking out Gαi2 subunits abolished chemotaxis induced by CXCR3 in lymphocytes whereas knocking out Gαi3 lead to increase attachment to GTPγS and migration of lymphocytes. 38 From this study, it is understood that Gαi2 have a stimulatory function in CXCR3 signaling while Gαi3 subunits prevent signals of CXCR3 in T cells of mice. As previously noted, the CXCL10/ CXCR3-B axis via protein kinase A (PKA)phosphorylation-dependent signals is responsible for inhibition of vascular endothelial growth factor (VEGF)-induced endothelial motility, which is a necessary response for angiogenesis. 39 Additionally, angiogenesis could be inhibited following ligation of CXCL4/CXCL10 to CXCR3-B and activation of the p38/mitogen-activated protein kinase (MAPK) pathway. 40 Previous studies reported that in prostate cancer cell lines (DU145 and PC3), CXCL10 through µ-calpain and phospholipase C-beta(PLC-β3) stimulated cell migration and invasiveness, but normal prostate cells (RWPE-1) are involved in the reduction of cell migration through PKA-dependent signaling which block m-calpain. 41 In endothelial cells, CXCR3 attachment to its ligands activates µ-calpain, causing cleavage of the cytoplasmic tail of β3 integrins and activation of caspase-3 that underlies vascular involution. 42 As a final point, it was stated CXCR3-B signals through activation of p38/MAPK can mediate tumor-growth inhibition. This phenomenon is due to decreased expression of heme oxygenase-1 and by regulating Bach-1 and nuclear factor erythroid 2-related factors nuclear translocation. 43, 44 Immunobiology of CXCL9, CXCL10, and CXCL11 and their role in cancer Cancer tissues are defined as complicated microenvironments consisting of several cell systems that effectively cohabit and communicate with their neighboring cells through a well-designed network. 45 Events such as cell-cell interactions inside the tumor regarding the role of chemokines and cytokines as well as their impacts on immune responses and metastasis are important in understanding subsequent tumor-related mechanisms and development of the tumor. 18 Cancer cells, in association with tumor-related host cells that present within TME, release a wide spectrum of chemokines leading to migration and activation of several cell types mediating the balance of anti-tumor and protumor immunity. 18 In addition to intrinsic cellular signals, while allowing unchecked proliferation, cancer cells can interact with their surrounding environment for forming a sustained and favorable TME. This could be achieved via promoting the phenomenon of angiogenesis, inflammation, and metastasis along with modulation of the systemic immune responses. 46 Some immune cells (which are known as the effector cells including γΔ T cells, CD4 + T cells, and CTLs) are actively involved in the tumor elimination processes. They possess a unique property to either kill or control the proliferation of tumor cells. 34 Moreover, these effector immune cells should migrate toward intra-tumor tissues for removal of tumor cells, 47 and similarly, the presence of intra-tumor immune cells could be considered a positive prognostic indicator. Several similar features are described for the chemokines CXCL9, CXCL10, and CXCL11 and they exhibit equality in both bio-structure and biofunction. 48 IFN-γ can induce these CXC chemokines; however, the expression pattern of them is almost identical. 49 Few and little differences may be related to the promoter regions of the genes encoding these chemokines, 50 and with cell type-specific expression of regulatory proteins, that either selectively modulates IFN-related gene expression or bind to the regulatory sequences within the promoter of the chemokine genes. CXCL9, CXCL10, and CXCL11 also have potent anti-tumor features either by the recruitment of T lymphocytes expressing CXCR3 or through inhibiting angiogenesis. 51, 52 Furthermore, the antitumor activities of other chemokines mostly rely on the concomitant induction of these chemokines as well as the type of activated CXCR3, which can be very important in this regard [ Figure 1 ]. 43,53
CXCL9
CXCL9 is known to be a monokine induced by interferon-gamma (MIG), but α and β interferons do not affect the induction of this chemokine. 54 The CXCL9 gene, along with CXCL10 and CXCL11, is located on chromosome 4 and one of its most important roles is the invasion and infiltration of T lymphocytes into the tumor and inhibits tumor growth. 55 Previous studies have shown that tumor cells that do not express CXCL9 exhibit more progressive manner than cells expressing CXCL9 and CXCL10. 56 Compelling evidence has demonstrated that CXCL9 is expressed by multiple cancer types, such as breast, 57 colorectal, 58 nonsmall-cell lung carcinoma (NSCLC) 59 and renal. 60 It has been demonstrated that the overexpression of CXCL9 has led to inhibition of NSCLC tumor growth and metastasis by reduced tumor-associated angiogenesis. 61 CXCL9 is a well-identified migratory factor of activated T cells and NK cells, 62 which was employed as an anti-tumor therapeutic agent. 63 Anti-tumor effects of CXCL9 are mediated through activation and infiltration of Th1 CD4 + cells or CTLs into the TME to eliminate the cancer. 64 
CXCL10
Interferon gamma-induced protein 10 is expressed by a wide variety of cells in various tissues. 65 Pleiotropic effects of CXCL10 affect the immune mechanisms such as angiogenesis and organ-specific metastases of cancer. These specific remarks make CXCL10 a promising therapeutic target for a wide spectrum of disorders. 66 CXCL10 was initially isolated from a human histiocytic lymphoma cell line (U937) with monocytic features and later from human placental and spleen tissues. 67 The CXCL10 gene is localized on chromosome four which encodes a protein with 98 amino acids. 68 In addition to four exons, its gene also contains three introns. 68 An important part of the transcriptional control of the CXCL10 gene in response to IFN-γ, lipopolysaccharides, and other stimuli is mediated by a region with 230 nucleotides on the upper transcriptional start site. 69 CXCL10 also serves as a chemotactic factor for T lymphocytes and attenuate their functional expansion. 70 Thus, tumor infiltrated lymphocytes that were obtained from CXCL10-treated TME represent more potent cytolytic activity and produced higher levels of IFN-γ and relatively upregulated the expression of CXCL10 by cancerous cells to recruit more T cells. 71 Along with CXCL9, CXCL10 has potent anti-tumor activity against tumors through recruitment of CTLs in addition to angiogenesis inhibitory properties. 66 
CXCL11
CXCL11 is known as an interferon-inducible T-cell alpha chemoattractant. 72 The CXCL11 gene is located on human chromosome four. 73 CXCL11 is predominantly expressed by leukocytes, pancreas, liver, and to a lesser extent by the thymus, spleen, lung, small intestine, placenta, and prostate. 72 This chemokine is responsible for activation and accumulation of T cells. 74 however, CXCL11 expression is highly responsive to IFN-γ and IFN-β but is weakly induced by IFN-α. 75 Equally to other members of IFN-γ inducible CXC chemokines, CXCL11 elicits its effects on target cells through binding to CXCR3 with a higher affinity than the other ligands of CXCR3. 72 It has been documented that human and mouse CXCL11 are more potent than other IFN-γ inducible chemokines such as CXCL9 and CXCL10 in engaging CXCR3 + T cells. Similarly, in vitro calcium mobilization and chemotaxis assays showed that CXCL11 is involved in phosphorylation of members of MAP kinase pathway including Akt and p44/42. 76 The specific aspects of CXCL11 in activation of CXCR3 expressing cell types are strengthened by the notion that it has a unique binding region for attaching to CXCR3, 77 which is the main cause for CXCR3 internalization. 78 however, the anti-tumor functions of CXCL11 in vivo are yet to be clarified. The anti-tumor potential of CXCL11 was associated with intra-tumor infiltration of CD8 + and CD8 + CXCR3 + T lymphocytes and this theory could be supported by findings of investigations that showed CD8 + depletion in vivo attenuate the anti-tumor effect of CXCL11. 79 This may provide evidence that the migrated CTLs in response to CXCL11 are critically involved in processes of tumor elimination. 80 The murine homolog of CXCL11 was claimed to be a powerful stimulator for cytokine production and proliferation of CXCR3 + T lymphocytes in vitro. 81 
Role of CXCR3 ligands in the formation of tumor vasculature
Angiogenesis is a crucial part of progression, growth, and metastasis of cancer. 82 The ELR + CXC chemokines including CXCL1, CXCL2, CXCL3, CXCL5, CXCL6, CXCL7, and CXCL8, which use CXCR1 and CXCR2 as their cognate receptors, are identified as angiogenesis stimulators, but ELRones such as CXCL4, CXCL9, CXCL10, CXCL11, and CXCL14 have shown to serve as angiostatic factors. 12 Both CXCL4 and CXCL10 can suppress basic fibroblast growth factor (bFGF) and VEGF-induced angiogenesis. They can also inhibit endothelial cells proliferation and further chemotaxis. 83 These effects are well evidenced to be through the ability of these chemokines to displace bFGF from heparan sulfate proteoglycan co-receptors. 83 Additionally, these CXCR3 ligands recruit CD4 + Th1 cell or CD8 + CTL that are probably involved in angiostatic immune reactions. Evidence is available to show that CXCL9 can inhibit angiogenesis, and this may lead to tumor regression. 84 As mentioned previously, the overexpression of CXCL9 has also been reported to be involved in the inhibition of both tumor growth and metastasis by abolishing tumor-associated angiogenesis. 61 An in vitro re-stimulation experiment showed that ELRchemokines are remarkably involved in the antitumor related mechanisms. 85 
Role of the CXCL9/CXCL10/CXCL11/ CXCR3 axes in the treatment of BC
Chemokines and adhesion molecules play an important role in balancing pro-tumor and anti-tumor cells. Sometimes the angiogenic features of some chemokines can lead to tumor progression. 86 The anti-tumoral activity of these ligands can be categorized into three main functions: 1) angiostatic effect, which leads to inhibit neovascularization of the tumor; 2) recruitment and infiltration of lymphocytes with pro-inflammatory properties to support tumor immunosurveillance; and 3) the lymphangiostatic effect, which inhibits tumor metastasis through the lymphatic vasculature. 87 Immune cells, including CTLs, Th1, and memory cells, are recruited by the CX3CL1, CXCL9, and CXCL10 chemokines into the site of tumor [ Figure 2 ]. 88 After tumor implantation in mice (day 7), gene expression of CXCL10 was significantly increased while CXCL11 expression increased on day 28. The authors of the study suggested that therapeutic approaches, including induction of Figure 2 : The immune mechanisms involved in the pathophysiology of bladder cancer as well as the responses of the CXCL9, CXCL10, CXCL11, and CXCR3 axis, which are responsible for angiogenesis inhibition, activation, and migration of immune cells such as CTLs and NK cells into the TME to prevent tumor progression. The therapeutic mechanisms and their effect on the CXCL9, CXCL10, CXCL11, and CXCR3 axis and anti-tumor immune responses are also demonstrated.
Th1 and inhibition of Th2 might improve immune responses in BC therapy. 89 Another study showed that after intravesical BCG instillation, CXCL10 was the main CXC chemokine detected in the urine of patients with BC. In addition, this study demonstrated that the expression of CXCL10 was considerably elevated in T24 cells. 90 In the human BC cell line (RT4), CXCL10 levels significantly increased and were shown to be involved in the balance of Th1/Th2 responses. 91 The survival rate in 15-20% of patients suffering from all stages of urothelial cancers (carcinomas of the bladder, ureters, and renal pelvis) is approximately five years. 92 Since 2015, programmed cell death protein and programmed death ligand 1 immune checkpoint therapies are used for urothelial cancers. 93 Comparing median overall survival and objective response rates with historical controls, nivolumab, atezolizumab, avelumab, and durvalumab were approved based on single-arm investigations, and the only approved therapy in a randomized phase III trial is pembrolizumab. 92 however, these types of monoclonal antibody-based therapies affect immune checkpoints and have no effect on increasing the expression of CXCL9, CXCL10, and CXCL11 chemokines to recruit T cells into the TME. Given the importance of the CXCL9, CXCL10, and CXCL11 chemokines and their anti-tumor properties, we focus on BC therapies that are related or increase the expression of these chemokines.
BCG therapy
For more than a quarter-century, BCG has been used to treat non-muscle-invasive BC. 94 BCG has been used as one of the best biotherapies in the treatment of cancer, but despite numerous clinical experiences in this field, its mechanisms of action have not yet been elucidated. 20 Evidence proposes that urothelial cells and immune cells are generally involved in the therapeutic effects of BCG. Tumor cells may be involved through the binding and internalization of BCG, as well as the secretion of cytokines and chemokines, and the presentation of BCG and tumor antigens to immune cells. Macrophages, lymphocytes CD4 + and CD8 + , granulocytes, NK cells, and dendritic cells as immune system components can kill BC cells directly via the production of soluble factors such as tumor necrosis factor-related apoptosisinducing ligand. Also, BCG, to some extent, can directly kill tumor cells [ Figure 2 ]. 20 Both anti-tumor response and immune system activation appear to be deserved for BCG live, in addition to its closed contact with tumor cells. Previous evidence revealed that viable BCG was required for therapeutic efficacy. 95 Studies clearly showed that BC tissues are unable to generate sufficient levels of CXCL10 within the first week of BCG therapy. however, the potency of CXCL10 production is restored after three weekly dosages of BCG. 21, 96 The combination of IFNα and poly-I:C (a TLR3 ligand) or BCG + IFNα + poly-I:C (although neither BCG + IFNα nor BCG + poly-I:C) is thought to be highly beneficial for enhancement of intra-tumor production of CXCL10 and CTLs infiltration in BC tissues. 96 These effective combinations have been demonstrated in particular to selectively induce CXCL10 (rather than CCL22) in cancer tissues. 96 BCG has also remarkably upregulated genes involved in the production of Th1 chemokines, such as CXCL2, CXCL9, CXCL10, CXCL11, and most of the genes of these chemokines remained overexpressed after six weeks. 97 Another study revealed that CXCL10 and its upstream regulatory anti-angiogenic cytokines, including (IFN-γ and interleukin-12), were significantly elevated during intra-vesicular BCG immunotherapy of BC. 98 The urinary measures of IFN-γ, CXCL10, tumor necrosis factor alpha, and vascular cell adhesion molecule 1 were increased in BC patients under treatment with BCG. 99 This concept proposes that intra-vesicular BCG induces a cytokine-rich urinary microenvironment that serves as an inhibitory factor against human endothelial cells with angiostatic properties. 99 Some BCs are involved in the production of the Th2 macrophagederived chemokines, which may alienate the BCGinduced Th1 cell in TME and may be a potential cause for BCG non-responsiveness. 100 Primary TCC cells and endothelial cell lines also produce CXCL10 in response to BCG or IFN treatment in vitro. Another study detected an alteration in expression of a gene profile related to chemokines, which occurred after BCG administration in the bladders of healthy mice. 97 They also observed that BCG has remarkably upregulated expression of CXCL9 and CXCL10 genes after four weeks and that approximately all of these genes were overexpressed after six weeks. 97 Moreover, other recent studies confirmed that in response to live BCG, T cells migrate to the bladder tissue while heat-killed BCG failed to do so. 101 Animal-based studies revealed that to be effective therapy, BCG must be administered intralesionally. 102 This model is also true for urothelial cancer and lesional regions that are not accessible to intravesical BCG, including the upper urinary tract or prostatic ducts. Multiple studies have revealed that on subsequent intravesical BCG therapy, there is vigorous stimulation of proinflammatory chemokines such as CXCL10. 21, 98, 103 The production of CXCL8 significantly improved the capacity of BCG to induce the production of CXCL10 by DCs. This phenomenon indicates positive interactions between Th1 cells and DCs. 104 Therefore, it can be concluded that in BC patients, BCG treatment can help in various ways, such as increasing the expression of CXCL9, CXCL10, and CXCL11 chemokines.
CXCR3 antagonists
As already mentioned, the CXCR3 type and related activated signaling pathway can act as a doubleedged sword in tumor-related immune responses. 105 The activation of CXCR3-B can prevent progression of the tumor, while the activation of the CXCR3-A will cause tumor development. 87 hence, inhibiting this receptor with its antagonists can sometimes help treatment of the tumor. So far, more than 15 types of CXCR3 receptor antagonists have been identified. Two of the most prominent antagonists include piperazinyl-piperidines (SCh 546738) and aza-quinazolinones (AMG 487). 106 Existing evidence suggests that piperazinyl-piperidines have been studied more in experimental models. 106, 107 While aza-quinazolinones are the only known antagonist for CXCR3, which has been evaluated in clinical trials. 108 There is no study that these small molecules have been used in the treatment of BC. One of the major problems reported in using these antagonists is the attachment of these small molecules to different and non-specific locations within the receptor's structure. 109, 110 hence, further studies are required to extend the use of these antagonists and the production of new molecules with specific binding capabilities to target sites in different receptors of the chemokines.
C O N C LU S I O N
The recruitment of T cells into the TME by CXCL9, CXCL10, and CXCL11 is important for the removal of tumors in patients with BC. Treatments such as the use of BCG (due to its effect on increasing the expression of CXCL9, CXCL10, and CXCL11 chemokines) can lead to infiltration of the T cells in the TME and eliminate the tumor. Moreover, in some cases, when the CXCR3 and its downstream signals are angiogenic, it may be possible to use the receptor blockers to prevent the angiogenesis and progression of the tumor. however, the impact of various treatments on BC and their effect on the expression of CXCL9, CXCL10, and CXCL11 requires further studies.
